Introduction
============

Lung cancer is the leading cause of cancer-related death worldwide and accounts for more than 80% of lung cancer diagnoses.[@b1-ott-9-845] In general, surgery provides the best chance for a cure in patients with stage I or stage II disease. In advanced-stage (stages III and IV) nonsmall-cell lung cancer (NSCLC), 5-year survival rate varies widely (3%--50%) depending on the number of lymph nodes involved, resectability, and tumor histology.[@b2-ott-9-845] At present, surgery as a potential option for patients with lung cancer is considered acceptable for patients with N2 disease. However, as a result of local recurrences and the presence of distant metastatic disease, surgical therapy in patients with stage IIIA NSCLC is associated with a 5-year survival rate of only 15%--30%.[@b2-ott-9-845]

Induction chemotherapy followed by surgery has been demonstrated to improve survival in selected patients with stage IIIA NSCLC.[@b3-ott-9-845],[@b4-ott-9-845] Additionally, radiation therapy has been shown to prolong the overall survival (OS) of patients with stage III NSCLC. A retrospective study performed using the Surveillance, Epidemiology, and End Results database including more than 48,000 patients with stage III NSCLC revealed that OS in those who received neoadjuvant radiotherapy plus surgery was significantly better compared with radiation therapy alone, postoperative radiation therapy, or surgery alone.[@b5-ott-9-845] Thus, chemoradiotherapy or chemotherapy, with or without resection (preferably lobectomy), is an option for patients with stage IIIA (N2) NSCLC.

In a previous study,[@b6-ott-9-845] we identified four randomized controlled trials that compared neoadjuvant chemotherapy or chemoradiotherapy before surgical resection (n=414) with neoadjuvant chemotherapy or chemoradiotherapy before radical radiotherapy (n=406) in patients with NSCLC. However, we found that the former therapeutic strategy did not appear to be clinically superior to the latter therapeutic strategy in patients with stage IIIA (N2) NSCLC. In recent years, three large-scale retrospective studies[@b7-ott-9-845]--[@b9-ott-9-845] were published that drew opposite conclusions. Thus, whether neoadjuvant chemoradiotherapy or chemotherapy followed by surgery is better than following these therapies with definitive radiotherapy for locoregionally advanced disease remains controversial.

The examination and synthesis of the limited available data comparing groups undergoing surgical resection or definitive radiotherapy after neoadjuvant chemoradiotherapy or chemotherapy may allow clinicians to determine the optimal treatment for patients with stage IIIA (N2) disease. The objective of this study is to perform a systematic review and meta-analysis of the available data to determine whether surgery is superior to definitive radiotherapy after neoadjuvant chemoradiotherapy or chemotherapy in patients with operable stage IIIA (N2) NSCLC.

Methods
=======

We conducted this meta-analysis according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement.[@b10-ott-9-845] This statement helps authors to report the results of systematic reviews and meta-analyses in an accurate and reliable manner.

Identification and eligibility of relevant studies
--------------------------------------------------

A literature search was performed in the PubMed, Embase, and MEDLINE databases (last search updated in March 2015) using the following keywords or MeSH terms: (Chemoradiotherapy OR Chemotherapy OR Radiotherapy OR Chemoradiation) AND NSCLC AND N2 AND surgery. The titles and abstracts were reviewed by two authors independently as a primary screen of the potential literature. Disagreements were solved by discussion between the two authors. Then, we determined the final studies to be included by reading the full text of the remaining articles. When several studies reported repetitious data, only the most complete study was included. The electronic searches were supplemented by scanning the reference lists from the retrieved articles to identify additional studies. To identify unpublished studies, we also searched abstracts from conference proceedings of the European Society for Medical Oncology, the American Society of Clinical Oncology, and the World Lung Cancer Conference. We contacted the authors via email if the conference presentation slides were unavailable.

Inclusion criteria
------------------

The studies should 1) compare chemoradiotherapy or chemotherapy followed by surgery with chemoradiotherapy or chemotherapy followed by definitive radiotherapy; 2) include stage IIIA (N2) NSCLC cases; 3) provide survival data, such as survival curves, hazard ratios (HRs), and the associated 95% confidence interval (CI) for OS or progression-free survival (PFS); and 4) be published in English.

Data extraction
---------------

A data extraction sheet was created to capture all of the data needed to assess the quality and eligibility of the studies and perform a systematic review and meta-analysis. Two authors independently extracted the following data from each eligible study: the name of the first author, year of publication, source of patients, study design, sample size, chemoradiotherapy or chemotherapy regimen before random assignment to two groups, and the HR for the PFS and OS of the two groups.

Statistical analysis
--------------------

The HR calculation spreadsheet provided by Tierney et al[@b11-ott-9-845] was used to calculate the HR and its 95% CI for survival data, and the results were consistent with our previous studies.[@b12-ott-9-845],[@b13-ott-9-845] In our meta-analysis, fixed or random effects models were used depending on the heterogeneity between studies. Heterogeneity between studies was estimated using the *χ*^2^-based Q-test,[@b14-ott-9-845] whose significance was set at *P*\<0.10. Begg's funnel plots[@b15-ott-9-845] and Egger's linear regression test[@b16-ott-9-845] were used to assess publication bias. In addition, sensitivity analysis was conducted to confirm that the results were stable and reliable. All statistical analyses were performed with Stata Version 11.0 (StataCorp LP, College Station, TX, USA).

Results
=======

Literature search and summary of studies
----------------------------------------

A total of 586 articles addressing neoadjuvant therapy in patients with stage IIIA (N2) NSCLC were identified. After screening the titles and abstracts, 444 articles were excluded because they were published in other languages, were review articles or case reports, involved other animals, or were irrelevant to the current study, leaving 45 potential articles, whose full text was carefully reviewed according to the inclusion criteria (shown earlier). Finally, nine studies were included in this meta-analysis. A brief flow diagram is shown in [Figure 1](#f1-ott-9-845){ref-type="fig"}.

A total of nine studies,[@b7-ott-9-845]--[@b9-ott-9-845],[@b17-ott-9-845]--[@b22-ott-9-845] consisting of five randomized controlled trials, comprising two large randomized controlled trials (the European Organisation for Research and Treatment of Cancer \[EORTC\] trial 08941[@b20-ott-9-845] and the North American Intergroup Study 0139 \[INT 0139\]),[@b21-ott-9-845] three small randomized controlled trials, and four retrospective studies, were included in our meta-analysis. All of the patients received chemotherapy or chemoradiotherapy before being allocated to a surgery group or radiotherapy group. The studies were published from 1998 to 2015. EORTC 08941 was performed at multiple academic and community hospitals in the Netherlands, while INT 0139 was conducted in the USA and Canada. The other studies were carried out in the USA, England, Spain, and Canada. The patients included in the INT 0139 trial[@b21-ott-9-845] received chemoradiotherapy before being randomly assigned to two groups, while the patients in the other three studies only received induction chemotherapy. Most of the patients had T1, T2, or T3 primary NSCLC with pathological proof of N2 involvement (ie, from endobronchial ultrasound-guided procedures, mediastinoscopy, or thoracoscopic procedures). Most of the studies provided the HR and its 95% CI for PFS and OS. The three small studies[@b8-ott-9-845],[@b18-ott-9-845],[@b19-ott-9-845] and the subgroup analyses of two studies[@b9-ott-9-845],[@b21-ott-9-845] only provided survival curves. Thus, we obtained the HR and its 95% CI using the HR calculations spreadsheet provided by Tierney et al.[@b11-ott-9-845] The minimum follow-ups of all studies ranged from 14.0 to 124.8 months.

Meta-analysis and evaluation of heterogeneity
---------------------------------------------

A total of nine studies, including five randomized controlled trials and four retrospective studies, were enrolled in this meta-analysis. Significant homogeneity (*χ*^2^=49.62, *P*=0.000, *I*^2^=81.9%) was detected between four of the studies, including a total of 11,948 selected cases. Among the nine studies that investigated OS, a random effects model was used to conduct the meta-analysis. The pooled HR was 0.70 (95% CI: 0.56--0.87; *P*=0.000) ([Figure 2](#f2-ott-9-845){ref-type="fig"}), which implied that the surgery group was superior to the definitive radiotherapy group of patients with stage IIIA (N2) NSCLC. PFS was investigated in three studies. Unfortunately, there was no significant difference in PFS between the three groups, as the pooled HR was 0.91 (95% CI: 0.78--1.06; *P*=0.190) ([Figure 3](#f3-ott-9-845){ref-type="fig"}). A fixed effects model was used because modest heterogeneity (*χ*^2^=4.52, *P*=0.104, *I*^2^=55.7%) was detected.

Subgroup analyses
-----------------

Subgroup analyses were performed according to the study design and the extent of resection. We observed a statistically significantly better outcome after lobectomy (pooled HR: 0.52; 95% CI: 0.47--0.58; *P*=0.000) than after pneumonectomy compared with definitive chemoradiation or radiotherapy (pooled HR: 0.82; 95% CI: 0.69--0.98; *P*=0.028). Fine homogeneity was detected in both subgroups. In the retrospective studies, neoadjuvant chemoradiotherapy or chemotherapy followed by surgery was associated with an approximately 50% benefit compared with definitive chemoradiation or radiotherapy. The combined HR for PFS was 0.58 (95% CI: 0.46--0.71; *P*=0.000). A random effects model was used because significant heterogeneity (*χ*^2^=13.74, *P*=0.008, *I*^2^=70.9%) was observed. However, there was no significant difference between the randomized controlled studies, as the pooled HR was 0.94 (95% CI: 0.81--1.09; *P*=0.440) ([Figure 2](#f2-ott-9-845){ref-type="fig"}), with fine homogeneity being observed.

Publication bias and sensitivity analysis
-----------------------------------------

Both Begg's funnel plot ([Figure 4](#f4-ott-9-845){ref-type="fig"}) and Egger's test were performed to assess the publication bias of the studies. The results of Begg's test (*P*=0.860) and Egger's test (*P*=0.490) suggested no evidence of publication bias in this meta-analysis when all studies were included. There was also no significant publication bias observed in the subgroup analysis. Moreover, a sensitivity analysis was performed by excluding studies with small samples, and the results showed no significant changes.

Discussion
==========

Patients with stage IIIA NSCLC with mediastinal lymph node involvement represent a large and heterogeneous subgroup of patients with NSCLC. Concurrent chemoradiation is considered the standard care for inoperable or unresectable patients at present. However, the role of surgery in stage IIIA (N2) NSCLC remains controversial. In the present study, we found that neoadjuvant chemoradiotherapy or chemotherapy followed by surgery improves survival compared with definitive chemoradiation or radiotherapy alone, as OS was close to reaching a statistically significant difference. Some observations from this study warrant further attention.

The characteristics of the nine studies are shown in [Table 1](#t1-ott-9-845){ref-type="table"}. In the INT 0139 trial, the patients received induction chemotherapy (cisplatin and etoposide) with concurrent radiotherapy, and regardless of their response to this therapy, they were randomly allocated to a surgery or radiotherapy group. However, in the EORTC 8941 trial, the patients only received induction chemotherapy, and only patients stratified for the type of response, histological subtype, and institution were randomly allocated to two groups. The induction chemotherapy applied in the EORTC 8941 trial consisted mainly of a combination of platinum/gemcitabine (40%) or platinum/taxane (21%). The patients in the other studies mainly received a combination of other platinum-based chemotherapy. These differences may be the source of heterogeneity between the studies. However, a previous meta-analysis demonstrated that induction chemoradiation is not superior to induction chemotherapy alone in stage IIIA lung cancer,[@b23-ott-9-845] as the obtained HR was 0.93 (95% CI: 0.54--1.62; *P*=0.810). Thus, it was still appropriate to combine the results of the two large studies.

Albain et al[@b21-ott-9-845] (INT 0139) observed that PFS was longer in patients who underwent resection than in those who continued uninterrupted radiotherapy up to 61 Gy after concurrent chemoradiotherapy. Moreover, in the patients who showed downstaging (presenting an N0 status upon thoracotomy), the median OS (34.4 months) was significantly prolonged compared with the OS for all patients in the two groups.[@b21-ott-9-845] Pathological downstaging is a favorable prognostic factor in stage IIIA (N2) NSCLC.[@b24-ott-9-845],[@b25-ott-9-845] Decaluwe et al[@b25-ott-9-845] observed a trend of a better 5-year survival rate in patients with mediastinal nodal downstaging compared with patients with persistent N2 disease (49% vs 27%). These authors demonstrated that multilevel positive nodes at initial mediastinoscopy were related to a lower 5-year survival rate (17% vs 39%) compared with single level positive nodes. Standard resections include lobectomy, bilobectomy, and pneumonectomy. Several studies[@b24-ott-9-845],[@b26-ott-9-845] have shown that lobectomy leads to better long-term survival than pneumonectomy after induction chemotherapy, with no increase in postoperative complications or the recurrence rate. OS was improved for patients who underwent lobectomy, but not pneumonectomy, versus chemotherapy plus radiotherapy in the INT 0139 trial,[@b21-ott-9-845] possibly because of the high operative mortality associated with pneumonectomy. Furthermore, the pooled HR was less than 1, which implied that the surgery group was slightly superior to the group in which the initial treatment was followed by definitive radiotherapy, although PFS and OS did not reach a statistically significant difference. Interestingly, in the subgroup analysis, the patients who underwent lobectomy or pneumonectomy were shown to receive greater benefits compared with definitive chemoradiation or radiotherapy. Compared with radiation therapy, radical resection can completely remove the tumor and potential lymph node metastasis. Moreover, the incidence of long-term irreversible complications such as pulmonary interstitial fibrosis is lower in radical resection group. Although not all patients with locally advanced NSCLC are suitable for resection, surgery is clearly worth considering for a subpopulation of patients who may benefit from the procedure, such as those who exhibit downstaging or are suitable for lobectomy.

Radiation therapy is fully integrated in multimodality therapy for all stages of lung cancer, regardless of the application of definitive or palliative therapy. It is estimated that 50% of all patients with cancer will benefit from radiotherapy during the course of their disease. Rapid advances have occurred in radiation therapy technology, enabling conformal dose sculpting, dose intensification, and the sparing of normal tissue. These technologies include four-dimensional computed tomography simulation, three-dimensional radiotherapy, and intensity-modulated radiation therapy, stereotactic ablative radiotherapy, image guide radiation therapy, motion management strategies, and proton therapy, among others. In addition, positron emission tomography--computed tomography is increasingly being used for lung cancer diagnosis and staging as well as treatment planning, treatment, and the prediction of recurrence after radiation.[@b27-ott-9-845]--[@b29-ott-9-845] These technologies are a potential way to improve the clinical curative effect of radiotherapy in patients with stage IIIA (N2) NSCLC.[@b30-ott-9-845],[@b31-ott-9-845] According to our results, definitive chemoradiotherapy may be recommended for patients with stage IIIA (N2) NSCLC, who require a pneumonectomy or exhibit multiple pathologically verified malignant nodes \>3 cm that are unsuitable for resection.

One of the most significant strengths of this study is that we performed a comprehensive review using the most up-to-date published data. In addition, we contacted authors to obtain relevant unpublished data. It is noteworthy that subgroup and sensitivity analyses were conducted to reduce heterogeneity. However, as a meta-analysis based on the published literature, there are several limitations to this study. First, no individual patient data were used, and meta-analysis of individual patient data is the gold standard of meta-analysis. Second, there was significant heterogeneity between the studies. The treatments performed in the studies were not highly consistent ([Table 1](#t1-ott-9-845){ref-type="table"}). The preoperative treatment applied in a few of the studies consisted of neoadjuvant concurrent chemoradiation,[@b8-ott-9-845],[@b9-ott-9-845],[@b21-ott-9-845] while in others, it was neoadjuvant chemotherapy.[@b17-ott-9-845],[@b19-ott-9-845],[@b20-ott-9-845],[@b22-ott-9-845] In addition, the postoperative therapy employed in some studies was definitive radiotherapy,[@b7-ott-9-845],[@b8-ott-9-845],[@b17-ott-9-845],[@b22-ott-9-845] while in others, it was definitive chemoradiation.[@b9-ott-9-845],[@b18-ott-9-845]--[@b21-ott-9-845] Furthermore, in some studies, only responding patients were randomly assigned to a surgical resection or radiotherapy group.[@b20-ott-9-845],[@b21-ott-9-845] All of these issues could represent sources of heterogeneity. Other sources of heterogeneity may be the different research designs and study sample sizes involved. Third, potential publication bias is unavoidable because some reports with negative or controversial results may not be published. Finally, potential language bias existed because we only included literature published in the English language. Selection bias also cannot be ruled out in this study.

Conclusion
==========

Multimodality therapy offers the best chance for improved PFS and OS in stage IIIA (N2) NSCLC. Neoadjuvant chemoradiotherapy or chemotherapy followed by surgery is superior to following these therapies with definitive radiotherapy or chemoradiation. In patients with stage IIIA (N2) disease, surgery may be offered to patients who have achieved mediastinal downstaging or suitable to a lobectomy. In patients with stage IIIA (N2, bulky) NSCLC, definitive radiotherapy followed by adjuvant therapy might be the optimal choice. Further studies are needed to investigate the role of these therapies in the subgroup of patients who have undergone lobectomy.
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![Forest plot for overall survival (subgroup by study design) associated with neoadjuvant chemoradiotherapy or chemotherapy followed by surgery compared with following these therapies with definitive radiotherapy in stage IIIA (N2) NSCLC.\
**Note:** Weights are from random effects analysis.\
**Abbreviations:** CI, confidence interval; HR, hazard ratio; NSCLC, nonsmall-cell lung carcinoma; ID, identification.](ott-9-845Fig2){#f2-ott-9-845}

![Forest plot for progression-free survival-associated neoadjuvant chemoradiotherapy or chemotherapy followed by surgery compared with following these therapies with definitive radiotherapy in stage IIIA (N2) NSCLC.\
**Abbreviations:** CI, confidence interval; HR, hazard ratio; NSCLC, nonsmall-cell lung carcinoma; ID, identification.](ott-9-845Fig3){#f3-ott-9-845}

![Begg's funnel plot for overall survival associated with neoadjuvant chemoradiotherapy or chemotherapy followed surgery compared with following these therapies with definitive radiotherapy in stage IIIA (N2) NSCLC.\
**Abbreviations:** NSCLC, nonsmall-cell lung carcinoma; SE, standard error.](ott-9-845Fig4){#f4-ott-9-845}

###### 

The characteristics of the studies

  First author                          Year   Study years   Country           Study design        Treatment for two groups       Number of patients                   Stage   PFS (HR and 95% CI)   OS (HR and 95% CI)   Subgroup (number of patients)                                                                                       
  ------------------------------------- ------ ------------- ----------------- ------------------- ------------------------------ ------------------------------------ ------- --------------------- -------------------- ------------------------------- ----------------------------------------------------------------------------------- --------------------------------------------------
  Albain et al[@b21-ott-9-845]          2009   1994--2001    USA and Canada    RCT (INT 0139)      Neo concurrent CRT + surgery   Neo concurrent CRT + definitive RT   202     194                   T1--3N2M0            0.77 (0.62--0.96)               Total: 0.87 (0.70--1.10); L vs CRT: 0.66 (0.46--0.94) P vs CRT: 1.12 (0.70--1.79)   L vs CRT (90 vs 90); P vs CRT (51 vs 51)
  van Meerbeeck et al[@b20-ott-9-845]   2007   1994--2002    the Netherlands   RCT (EORTC 08941)   Neo chemo + surgery            Neo chemo + definitive RT            167     165                   T1--T3N2M0           1.06 (0.85--1.33)               1.06 (0.84--1.35)                                                                   
  Johnstone et al[@b19-ott-9-845]       2002   1990--1994    USA               RCT                 Neo chemo + surgery            Neo chemo + definitive RT            29      15                    T1--T3N2M0           NR                              0.81 (0.46--1.42)                                                                   
  Shepherd et al[@b17-ott-9-845]        1998   NR            Canada            RCT                 Neo chemo + surgery            Definitive RT                        15      16                    T1--T3N2M0           NR                              0.49 (0.07--3.32)                                                                   
  Stephens et al[@b22-ott-9-845]        2005   1995--1999    England           RCT                 Neo chemo + surgery            Definitive RT                        24      24                    T3N1M0/T1--3N2M0     NR                              0.91 (0.49--1.72)                                                                   
  Koshy et al[@b7-ott-9-845]            2013   1998--2004    USA               Retrospective       Neo CRT + surgery              Definitive RT                        752     9,857                 T1--T3N2M0           NR                              L vs CRT: 0.51 (0.45--0.58) P vs CRT: 0.77 (0.63--0.95)                             L vs CRT (564 vs 9,857); P vs CRT (188 vs 9,857)
  Aggarwal et al[@b8-ott-9-845]         2014   2000--2008    USA               Retrospective       Neo CRT + surgery              Definitive RT                        155     103                   T3N1M0/T1--3N2M0     NR                              L vs CRT: 0.57 (0.45--0.58); P vs CRT: 0.77 (0.63--0.95)                            L vs CRT (105 vs 103); P vs CRT (41 vs 103)
  Darling et al[@b9-ott-9-845]          2015   1997--2007    Canada            Retrospective       Neo CRT or chemo + surgery     Definitive CRT                       104     111                   T1--T3N2M0           NR                              Total: 0.45 (0.33--0.62) L vs CRT: 0.48 (0.29--0.80)                                L vs CRT (28 vs 34)
  Bosch-Barrera et al[@b18-ott-9-845]   2012   1996--2006    Spain             Retrospective       Neo chemo + surgery            Neo chemo + definitive RT            38      34                    T1--T4N2M0           1.14 (0.61--2.15)               0.71 (0.38--1.32)                                                                   

**Abbreviations:** Chemo, chemotherapy; CI, confidence interval; CRT, chemoradiation; HR, hazard ratio; L, lobectomy; Neo, neoadjuvant; NR, not reported; OS, overall survival; P, pneumonectomy; PFS, progression-free survival; RCT, randomized controlled trial; RT, radiotherapy.
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